Objective. Researchers, government, and the press often rank jurisdictions according to public health indicators; however, measures of uncertainty rarely accompany these comparisons. To demonstrate the variability associated with rankings that use public health measures, the authors examined the uncertainty associated with ranks based on three common methods used to derive public health indicators: age-adjustment, calculations based on census estimates, and calculations based on survey data.
Methods. The authors observed the effect of changing the standard population from the 1970 population to the 1997 population on rank-order lists of jurisdictions according to age-adjusted 1998 mortality rates. They used a Monte Carlo method to calculate confidence intervals (CIs) around ranks based on census estimates of 1998 infant mortality rates and based on 1999 Behavioral Risk Factor Surveillance System (BRFSS) survey data on the prevalence of hypertension.
Results. Changing the standard year from 1970 to 1997 resulted in a shift of at least three rank-order positions for seven states. Two states shifted five positions. CIs associated with ranking by infant mortality rates were broad, with a mean of 16 ranks. CIs around ranks for the prevalence of hypertension were also wide, with a mean of 18 ranks.
Conclusion. While ranking based on public health indicators is an attractive and popular way of presenting public health data, caution and close examination of the underlying data are needed for proper interpretation. Alternative methods, such as longitudinal analysis or comparisons with standards, may prove more useful.
When it comes to measuring performance, America is in love with ranking. The desire to say who is number one, who is last, and where everyone else falls in between seems irresistible. Article after article lists which places are the best to live, which areas have the best schools, or where to go for the best vacations. The passion to rank also extends to health and public health statistics. Health outcomes, behavioral risks, even the results of complex cost-benefit analyses are distilled down to simple rankings, and the results presented to the public as statistical horse races. Among the most notable purveyors of such lists are Morgan Quitno and ReliStar Corporations, which each year publish reports that rank the states on health care access, health status indicators, and lifestyle measures. 1, 2 While their lists probably receive the most media attention, similar rankings are often generated to compare health agencies, counties, cities, and other entities within a state.
Although all measures are accompanied by some degree of uncertainty, the impact of uncertainty on ranking is almost universally ignored. Random variation affects ranking as it does all quantitative estimates, but confidence intervals (CIs) are rarely presented for ranks. Compared with the CIs that surround the measures or rates on which ranks are based, the confidence bounds around ranks can be quite large. The omission of CIs would not be worrisome except that administrators and legislators may use ranking to allocate resources and make other policy decisions. If they fail to consider the uncertainty associated with ranking, resources may be misappropriated and target groups or areas unfairly included or excluded.
In this article, we look at the uncertainty associated with rank-order estimates based on three methods that are used to generate many if not most public health measures: age-adjustment, calculations using US Census estimates, and calculations using survey data.
For age adjustment, we show the effect on rank ordering of altering the standard population when calculating death rates.
Estimates based on survey data or polling figures and even rates and proportions derived from census numbers are just that, estimates, and carry a degree of uncertainty, as do the rank-order estimates based on these data. To illustrate the uncertainty associated with the ranking process, we calculated CIs for rank-order lists based on two sets of estimates-infant mortality rates derived from US Census data and prevalences of hypertension drawn from national survey data-and their associated uncertainty.
The CIs we calculated are analogous to the margins of error reported in political and public opinion polls.
They establish an interval of uncertainty around the rank that indicates the precision with which the rank is known. The wider the interval, the less certain the exact rank. To enable readers to calculate CIs associated with rank orderings of their own estimates, we also outline a simple method that can easily be applied to a wide variety of estimates for which corresponding standard errors (SEs) are also available.
Numerous other sources of variability could have been considered, but these examples should be sufficient to provide a perspective on the magnitude of the uncertainty associated with ranking.
METHODS

Age adjustment
It is a basic principle of epidemiology that rates must be age adjusted before health measures for regions or populations with different age structures can be compared.
Age adjustment is a mathematical process to adjust disease, mortality, or morbidity rates to account for differences in the age compositions of different subpopulations. To make valid comparisons over time or between geographic areas, sexes, or other subpopulations, rates must be adjusted. One population, typically a particular year or locale, is chosen to serve as the basis of comparison; the age distribution of this population is defined as the "standard population."
Until 1999, death rates were generally age adjusted to the age structure of the 1940 US population. Beginning in 1999, a new Department of Health and Human Services (DHHS) standard based on the age structure of the Year 2000 population was instituted. 3 While this procedure is standard, one can also age-adjust using the age structure of any other year as the standard population. Discussions about which standard years are the most appropriate to use, and under which circumstances, are beyond the scope of this paper. 4 The important fact to note, however, is that adjusting for age adds uncertainty to any set of estimates and, consequently, any rankings based on them. This is primarily because age adjustment requires not just a single estimate for the entire population but several estimates, one for each age subgroup, and subgroup estimates are less certain because they are based on smaller numbers.
Although the random or probabilistic processes used to generate the data on which ranks are based contributes a degree of uncertainty, age adjustment adds further uncertainty to rank-order estimates. To illustrate this point, we calculated the 1998 age-adjusted death rates for the 50 states and the District of Columbia using first 1970 and then 1997 population figures as the standard. We then ranked the jurisdictions according to age-adjusted death rates and compared the two rank-order lists.
Census estimates
The denominators for the vast majority of rates that are used as health indicators are population estimates. Though rarely reported, relative SEs and 95% CIs for most population estimates are available on request from the Census Bureau. The SE is a measure of how much uncertainty is associated with an estimate; it reflects how much an estimate might fluctuate if one were to measure it repeatedly. This uncertainty arises because of various types of measurement and sampling errors. The relative SE is this uncertainty expressed as a percentage of the estimate. For 1990 census figures, the relative SEs varied from 0.5% to 2.5% depending on the particular racial/ethnic group, age group, or sex being considered. 5 SEs also accompany the most common numerators, numbers of births and deaths.
SEs and CIs are not available for intercensal estimates; however, a review of the methods used to develop intercensal estimates and the Bureau's own assessment of the accuracy of its estimates suggests that it is reasonable to assume that the SEs and CIs for intercensal estimates would be somewhat larger than those calculated here. 6, 7 Hence, the simple methods that we outline below should still be applicable for generating CIs for rank-order lists for most public health indicators.
US infant mortality rates are calculated annually and usually expressed as the number of deaths per 1,000 live births in a year, using census estimates as denominators. We calculated 90% CIs for the ranks of the 50 states and the District of Columbia on infant mortality rates, using rates reported by the National Center for Health Statistics (NCHS) and a statistical procedure that is outlined below. NCHS uses a statistical model to estimate the associated SEs and relative SEs for these rates. 8 For more than 100 deaths, the relative SE for the death rate is easily calculated as 100 ͱ(1/x), where x represents the number of deaths. On this basis, relative SEs for the death rates are approximately 3.2% for 1,000 reported deaths.
We assumed that the 1998 infant mortality rates were normally distributed. When the SE of a rate is small relative to the rate itself, the distribution and the SE for the rate can be mathematically modeled, assuming a normal distribution. SEs for an entire state are relatively small. (Anderson et al. provide alternative methods that can be used to calculate approximate CIs when this is not the case. 9 
)
We conducted a Monte Carlo simulation using 1998 infant mortality rates for the 50 states and the District of Columbia. 10 Lottery style, we drew a mortality rate for each state, assuming that the pool of possible infant mortality rates for a state was distributed in the shape of a bell curve (that is, normally distributed) and was centered on the reported rate. The width of the bell curve (in other words, its SE) was determined using the formula noted above. The next step was to rank order the states on the basis of this randomly chosen set of infant mortality rates. This process was then repeated 10,000 times, generating 10,000 sets of rankings for the 51 jurisdictions. From the set of 10,000 ranks for any given jurisdiction, we defined the 90% confidence bounds for a rank as the 5th and 95th percentiles of all its simulated ranks.
More precise methods are available for estimating the CIs for ranks. These Monte Carlo estimates give results that are very close to those obtained using the more precise methods, provide a good picture of the uncertainty associated with these rank estimates, and have been successfully used in other settings. 11, 12 Depending on the values of the original rates and the size of the relative SEs, there will be occasions when the Monte Carlo process will randomly choose negative rates. Under these circumstances, more sophisticated techniques may be needed.
Survey data
Health status comparisons are often made using data on health indicators-for example, prevalence of a risk factor such as obesity or hypertension-derived from surveys. For survey-based estimates, there is uncertainty associated with the sampling process, and most summaries of survey findings report 95% CIs and/or SEs along with rates or percentages.
With data from the 1999 Behavioral Risk Factor Surveillance Survey (BRFSS), we used the same Monte Carlo method described for the age-adjusted death rates to generate approximate CIs for the ranks of the states, the District of Columbia, and Puerto Rico by prevalence of hypertension. 13 The prevalence of hypertension is based on responses to the BRFSS question, "Have you ever been told by a doctor, nurse, or other health professional that you have high blood pressure?" Because the BRFSS provides an SE for each jurisdiction's prevalence estimate, we were able to use it to construct a CI around each estimate and then draw multiple values from within the error distribution around the estimate. In keeping with the central limit theorem, we assumed that the distribution of the estimate was normal, that values were centered on the estimate, and that the SE was equal to the reported SE.
RESULTS
Age adjustment
The shifts in rank order resulting from the use of 1997 instead of 1970 as the standard year are summarized in the Table. The ranks of 22 jurisdictions were unaffected by the change in standard year. The ranks of another 22 moved up or down one or two positions. The remaining seven states shifted three or more positions, with two states (Florida and Nebraska) shifting up or down three ranks, three states (Arizona, Massachusetts, and South Dakota) shifting up or down four ranks, and two states (Alaska and Vermont) shifting five ranks. Thus, the ranking of more than half of the jurisdictions was affected by the choice of standard population. While most of the shifts were not large, 10% of the jurisdictions shifted four or five positions. Figure 1 shows the 90% CIs for ranks associated with 1998 infant mortality rates for the 50 states and Washington, DC. The District of Columbia ranks 51st with nearly no uncertainty (90% CI 50th,51st). At the top of the list, New Hampshire is ranked number one (90% CI 1st,3rd). The mean 90% CI encompasses nearly 16 ranks. For more than one quarter of the states, the CIs encompass 22 ranks. The CIs in the middle ranks-where mortality rates are most similar-tend to be larger than those at the extremes, and the overlap with adjacent states is greatest. Sizeable uncertainty about the ranks for this census estimate is, therefore, the norm, not the exception. Figure 2 shows the rank-order estimates and 90% CIs for prevalence of hypertension, based on 1999 BRFSS data, for the 50 states, the District of Columbia, and Puerto Rico. Like the CIs for infant mortality rates, some of the CIs here cover a large number of ranks, as many as 25, with a mean of 18 ranks. Because of the sampling strategy used in the BRFSS survey, there is less variability in the CIs from state to state but they are, on average, even wider than those for the census figures. This consistent and large uncertainty exists even though the average SE for this BRFSS question was only 1%.
Census estimates
Survey data
DISCUSSION
These results show how seemingly innocuous, single sources of variability can have dramatic effects on the uncertainty associated with ranking. Public health indicators are subject to multiple sources of variability; if we had considered more than one source of variability, the likely result would have been even wider CIs. Hence, the CIs shown here must be considered conservative. By comparing 1970 to 1997 age-adjusted death rates, we have admittedly chosen to highlight what might be considered a worst case scenario; shifts in rank for more closely spaced base years would have been smaller. Still, age-adjusted figures are subject to variation due to factors in addition to age-adjustment, further suggesting that the CIs shown here are likely to be conservative.
The large degree of overlap in the CIs associated with the BRFSS survey data seems extreme, particu- Rank larly when one considers the small SEs associated with the BRFSS prevalence rates. Although the SEs are small, many of the percentages compared are very similar, which causes the CIs for the ranks to overlap. Similarity in rates from one locale to another is not at all unusual, especially when the data cover a large area.
Because it appeals to our own perception of time, to funding cycles, and to the organization of most data-gathering efforts, the tendency is to carry out rank ordering based on the data from a single year. However, uncertainty can be reduced by aggregating more than one year's data; this can be accomplished in various ways, including simple pooling, moving averages, smoothing, or other methods. No one method is better than the other, and the question at hand will dictate the particular method or approach.
Interpreting ranked lists requires a great deal of caution. Even quartile differences in rank may not be meaningful from either a statistical or a practical standpoint. Before any attempt is made to use ranked data, policy makers must inspect and give careful consideration to the data values and CIs for the underlying indicators. The bottom line is that the best approach is to try to avoid the use of ranks altogether. Rational and defensible policy decisions need not rely on rank ordering. Inspecting plots of the raw data values, such as histograms and particularly the empirical cumulative distribution, may yield valuable insights and will frequently make appropriate divisions within the data apparent. If appropriate benchmarks and standards are available, health indicators can and probably should be compared to them. Differences in rank may not be an important issue if all of the units under consideration are very near or very far from a targeted goal. If they have all achieved a goal, there is little point in ranking them. Conversely, being number one is of no value if even the best rate is far below acceptable public health standards.
Our illustrations were based on comparisons at the state level; the same principles are applicable to rankorder comparisons among cities, counties, agencies, or any other geographic or organizational entity. As the size of the units under investigation and sample sizes decrease, we would expect to find wider CIs. Implicit in this expectation is the fact that rate estimates will also become more unstable with decreasing sample sizes. Thus, even more caution in interpreting rates or ranks is needed when estimates are based on small numbers.
A popular approach to the presentation of health measures is to combine them into one or more health indexes. The variability associated with such indexes is difficult to assess and depends on the variances of the original measures, their correlations, and the shape of their distributions. Various weighting schemes add yet another layer of complexity. These factors can combine in innumerable ways and, thus, the CIs for the resulting indexes are rarely ever calculated or even approximated. At best, we can say only that a substantial amount of uncertainty must remain associated with a combined index, and even more uncertainty will be associated with any ranking based on it.
The popular press and corporate America will continue to present health data in terms of a horse race, declaring "win, place, and show." To the extent that this approach increases awareness of the nation's public health problems, it may be a useful one. If policy makers understand and are prepared to deal with the misperceptions that result, they can more effectively direct the public's attention to important details and matters of real significance. They can, for example, avoid being ensnared into defending against press reports that highlight small year-to-year shifts in rank. These shifts are easily explained by the uncertainty associated with ranks, and discussions that start with a focus on ranks can quickly be moved to more substantive matters. For policy making and rational decision making, however, ranking leaves much to be desired. Careful analysis of the underlying data and alternative methods, such as longitudinal analysis or comparisons with standards, are likely to prove more useful for such purposes.
